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FIG. 6A

( 601

class C2 {
static void process() {
C5.collectOrder();
C9.collectBacklog();
Cl4.issue();
CL.log();

FIG. 6B

¢ 002

class C5 {
static void collectOrder() {
CL.log();
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FIG. 11
1100
/
VERTEX KN KOUT
1 1 0
) 0 0.9
3 1 0.067
4 1 0.21
5 1 0.067
6 1 0.733
7 0 0.71
8 0 1.376
9 1 0.067
10 1 0.376
11 1 0.376
12 1 0.376
13 0 1.21
14 1 2.233
15 0 0.733
16 0 0.567
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FIG. 15

( START )

] (51501
RELATIONSHIP EXTRACTION PROCESSING
Il (51502
ESSENTIALITY CALCULATION PROCESSING
Il (51503
CLUSTERING PROCESSING

D)



U.S. Patent Sep. 8, 2015 Sheet 16 of 38 US 9,129,002 B2

FIG. 16

( START )

! (51601
READ SOFTWARE SOURCE CODE FORM SOURCE
CODE DATABASE
! (51602
ANALYZE SOURCE CODE
! (51603
EXTRACT ENTITIES
! (51604
EXTRACT INTER-ENTITY DEPENDENT
RELATIONSHIPS
! ¢51605
STORE IN RELATIONSHIP GRAPH INFORMATION
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FIG. 17

( START )

! (S1701
READ RELATIONSHIP GRAPH INFORMATION

) 4 51702
ARE THERE UNSELECTED NO
RECETVING ENTITIES? J
(51703 RETURN

SELECT ONE OF THE UNSELECTED RECEIVING
ENTITIES
! (1704
CALCULATE ESSENTIALITY FOR EACH EDGE OF
THE SELECTED ENTITY
! (51705
STORE IN ESSENTIALLTY INFORMATION
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FIG. 18

( START )

1 (51801

READ RELATIONSHIP GRAPH INFORMATION
AND ESSENTIALITY INFORMATION

! (51802
GENERATE ADJACENCY MATRIX A
J ¢51803
CALCULATE TOTAL WEIGHT OF EDGES M
J ¢51804
CALCULATE Ki®" AND Kj™
J (51805
WEIGHTED, DIRECTED MODULARITY
MAXIMIZATION PROCESSING
J ¢51806

OUTPUT ANALYSIS RESULT
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k=0
DY = {59, 8%, ..., S%}
WHERE S = {i}

OBTAIN THE VALUES FOR i AND j THAT
MAXIMIZE Quu(D"[}, i]) FOR D® AND
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TIME AS DV
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FIG. 23
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FIG. 24
2011
v
ORIGINATING METHOD | RECEIVING METHOD

Aa B.C

Ab B.e

Cf B.C

Cf B.d

Cg B.e




US 9,129,002 B2

Sheet 25 of 38

Sep. 8, 2015

U.S. Patent

{HdY¥9 T3A31 AQOHLIW)

4SSV | [ISYD| [ASSYD
\ A
\ .mH .mu .m“
o @3IN\EX3 (a'x3
m X SSY1D
' e/ ’
£f1= ¢f1= e
HLVd VNLAIA) - (x'9)3 g3 \(X'v)3
T=E2)A
AITVIINISST  ~1J SSVDD g SSv1 ¥ SSY D
WNLYIA
(HdY4D T3ATT SSY1D)
aG¢ 9ld

VG¢ Old




U.S. Patent Sep. 8, 2015 Sheet 26 of 38 US 9,129,002 B2

FIG. 26
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FIG. 28
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FIG. 29
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FIG. 30
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FIG. 31
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FIG. 32
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FIG. 38
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DIVIDING DEVICE, DIVIDING METHOD,
AND RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
7568, filed on Jan. 17, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a dividing
device, a dividing method, and a recording medium.

BACKGROUND

It is desirable to have an understanding of software for
software development, improvement, and maintenance. For
this reason, it is desirable to divide software into small scale
subsets that are easily understood. Software division is dis-
cussed in detail. Furthermore, the elements that structure
software are termed as “entities.” For example, components,
modules, source code, classes, functions, databases, files, and
the like correspond to entities.

Also, relationships such as call relationships, inheritance
relationships, inclusive relationships, data access relation-
ships, and the like are termed as “dependent relationships”™
between entities. Entities in the software may be expressed
with directed graph configurations (hereafter, abbreviated to
“graph”) as vertices, using relationships between entities as
directed edges (hereafter, abbreviated to “edges™). Software
division is the division of graphs into subgraphs. Subgraphs
include sets of entities.

There has been many proposals of software division tech-
nologies of the related art for uses other than the understand-
ing of software. For example, Japanese Laid-open Patent
Publication No. 2003-308216, which is an example of related
art, discusses a technology to divide software into small struc-
tural elements and load only those elements desired in order
to decrease the amount of memory usage of software loaded
into memory space.

Also, there are proposals of technologies that perform
automatic software division to reduce the work of creating
desired information for division. For example, Japanese Laid-
open Patent Publication No. 2009-134379, which is an
example of related art, discusses a technology to divide soft-
ware into multiple groups in order to decrease the amount of
memory usage of software loaded into memory space, in
regards to software that operates by combinations of multiple
software modules. Japanese Laid-open Patent Publication
No. 2009-134379 discuses representing a strength of depen-
dent relationships between modules as the number of call
points, and performing automatic division by dividing soft-
ware to suppress this strength. In other words, the automatic
division of Japanese Laid-open Patent Publication No. 2009-
134379 streamlines the loading of software into memory by
not dividing and aggregating modules that have a high fre-
quency of call relationships.

Also, the general problem with software division is the
inability to apply automatic division methods correlated with
some specific purpose to a different purpose, as the desired
type of division changes depending on the purpose of the
division. Accordingly, methods are discussed that allow an
individual to edit a division process and adapt it to their
purposes, as the desired division changes depending on the
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purpose of analysis. For example, “Software Architecture
Reconstruction: A Process-Oriented Taxonomy” by S.
Ducasse and D. Pollet, IEEE Transactions on Software Engi-
neering, vol. 35, no. 4, pp. 573-591, 2009 is an example of'this
kind of related art. Also, “Supporting Migration to Services
using Software Architecture Reconstruction” by L. O’Brien,
D. Smith, and G. Lewis, 13 IEEE International Workshop on
Software Technology and Engineering Practice (Step *05),
pp- 81-91, 2005 is another example of this kind of related art.

Also, as an aid to the understanding of software, it is
desired that the software division is applicable to the work,
functions, and tasks that express the software. Here, these
functions, tasks, and work are referred to as “roles.” Software
design takes place by extracting, organizing, and compart-
mentalizing the roles to be fulfilled by the software. As the
understanding of software is the reverse progression of this
design process, extracting and analyzing the roles is a key to
the understanding of software.

The following conditions (1) and (2) are used to determine
if a subset of a divided entity follows a role. (1) The inter-
entity dependent relationship and an important entity which
functions as the main purpose that represents the role implied
by the subset are both included in this subset. (2) The inter-
entity dependent relationship and trivial detail entity which
hinders understanding of the main purpose of the software are
disregarded when this subset forms.

An example technology to remove the “inter-entity depen-
dent relationship and trivial detail entity which hinders under-
standing of the main purpose of the software” as described
above is discussed in non-patent literature below. For
example, “Summarizing the Content of Large Traces to
Facilitate the Understanding of the Behavior of a Software
System” by A. Hamou-Lhadj and T. Lethbridge, 14” Interna-
tional Conference on Program Comprehension (ICPC *06),
pp. 181-190, 2006, which is an example of related art, refers
to ubiquitous functions in software such as log processing and
exception processing as “utilities”, and reduces noise inter-
fering with the understanding by removing call relationships
of utilities.

SUMMARY

According to an aspect of the invention, a dividing device
includes: a memory configured to store a program including a
procedure; and a processor configured to execute the pro-
gram, the procedure including: extracting correlation infor-
mation from source code of software, the information corre-
lating relationships between an originating entity of the
relationship and a receiving entity of the relationship, which
are identified by dependent relationships of a group of enti-
ties, which is the group of elements that structure the soft-
ware, and dividing the group of entities into clusters, so as to
be include in the cluster a lot of the dependent relationship
which a weight related to the dependent relationships is large,
based on the weight related to the dependent relationships
identified by the correlation information extracted by the
extracting.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an example explanatory diagram illustrating soft-
ware that has been graphed.

FIG. 2A, FIG. 2B, and FIG. 2C are example explanatory
diagrams illustrating dependent relationships.

FIG. 3 is a block diagram illustrating an example hardware
configuration of a dividing device as related to a First
Embodiment.

FIG. 4 is a block diagram illustrating an example of a
functional configuration of a dividing device according to the
First Embodiment.

FIG. 5 is an explanatory diagram illustrating an example
graph representation of software.

FIG. 6 A and FIG. 6B are explanatory diagrams illustrating
example source code of the software depicted in FIG. 5.

FIG. 7 is an explanatory diagram illustrating an example of
relationship graph information related to the software
depicted in FIG. 5.

FIG. 8 is an explanatory diagram illustrating an example of
essentiality information.

FIG. 9 is an explanatory diagram illustrating an example
division of a certain directed graph.

FIG. 10 s an explanatory diagram illustrating an adjacency
matrix using the relationship graph information depicted in
FIG. 7 and the essentiality information shown in FIG. 8.

FIG. 11 is an explanatory diagram illustrating a parameter
table linking k¥ and k,”“ for each entity using the relation-
ship graph information depicted in FIG. 7 and the essentiality
information depicted in FIG. 8.

FIG. 12 is an explanatory diagram illustrating the process
of clustering that uses the essentiality information when using
the relationship graph information depicted in FIG. 7 and the
essentiality information depicted in FIG. 8.

FIG. 13 is an explanatory diagram illustrating an example
of an analysis result based on the clustering in FIG. 12.

FIG. 14 is an explanatory diagram illustrating another
example of an analysis result based on the clustering in FIG.
12.

FIG. 15 is a flowchart illustrating an example division
processing sequence for a dividing device according to the
First Embodiment.

FIG. 16 is a flowchart illustrating a detailed example divi-
sion processing sequence for a relationship extraction pro-
cessing (step S1501) depicted in FIG. 15.

FIG. 17 is a flowchart illustrating a detailed example pro-
cessing sequence for an essentiality extraction processing
(step S1502) depicted in FIG. 15.

FIG. 18 is a flowchart illustrating a detailed example pro-
cessing sequence for a clustering processing (step S1503)
depicted in FIG. 15.

FIG. 19 is a flowchart illustrating a detailed example pro-
cessing sequence for a weighted, directed modularity maxi-
mization processing (step S1805).

FIG. 20 is a block diagram illustrating a detailed functional
configuration example for an essentiality calculating unit
according to a Second Embodiment.

FIG. 21 is an explanatory diagram illustrating an example
compensation of essentiality.

FIG. 22 is an example explanatory diagram illustrating a
method level graph and a class level graph.

FIG. 23 is an example explanatory diagram illustrating
class and method information.

FIG. 24 is an example explanatory diagram illustrating
method level graph information.

FIG. 25A and FIG. 25B are explanatory diagrams illustrat-
ing an example virtual path analysis.
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FIG. 26 is an example explanatory diagram illustrating
context dependent information.

FIG. 27A and FIG. 27B are explanatory diagrams illustrat-
ing an example analysis of context dependence.

FIG. 28 is a flowchart illustrating an example relationship
extraction processing sequence via a relationship extracting
unit according to the Second Embodiment.

FIG. 29 is a flowchart illustrating an example essentiality
calculation processing sequence via an essentiality calcula-
tion unit according to the Second Embodiment.

FIG. 30 is a flowchart illustrating an example of a detailed
processing sequence for compensation processing (step
S2904) via a compensation processing unit depicted in FIG.
29.

FIG. 31 is a flowchart illustrating an example of a detailed
processing sequence for context dependent analysis process-
ing (step S2905) via a context dependent analysis unit
depicted in FIG. 29.

FIG. 32 is a flowchart illustrating an example of a detailed
processing sequence for multi-level analysis processing (step
S2906) via a multi-level analysis unit depicted in FIG. 29.

FIG. 33 is a flowchart illustrating an example of a detailed
processing sequence for virtual path analysis processing (step
S2907) via a virtual path analysis unit depicted in FIG. 29.

FIG. 34 is a block diagram illustrating an example of a
functional configuration of a division device according to a
Third Embodiment.

FIG. 35 is an example explanatory diagram of a keyword
list.

FIG. 36 is a flowchart illustrating an example division
processing sequence according to the Third Embodiment.

FIG. 37 is a flowchart illustrating an example of a detailed
processing sequence for word extraction processing (step
S3604) via a word extraction unit.

FIG. 38 is a flowchart illustrating an example of a detailed
processing sequence for feature amount calculation process-
ing (step S3605) via a feature amount calculation unit.

DESCRIPTION OF EMBODIMENTS

The related art assumes that all information desired for
division is supplied. That is to say, it is desirable to clearly
define information related to the software to be divided. When
the purpose is to understand software, and information related
to software is not clearly defined, this information related to
software is created, which causes a problem when the amount
ofwork becomes large depending on the scale of the software.

Also, regarding the related art, general processing with a
high usage frequency such as log processing and exception
processing may be called from anywhere in the software. For
this reason, general processing with a high usage frequency
are not divided and instead grouped together. However, the
main purpose of software may be understood without general
processing with a high usage frequency, and actually this
creates a problem causing noise interference with the under-
standing. For this reason, it is desirable not to include general
processing with a high usage frequency into the same group.

Also, regarding the related art, the editing from a person
may cause a problem when this creates a large amount of
work depending on the scale of that which is to be analyzed.
Also, regarding the related art, it is difficult to clearly deter-
mine which functions in the software may be ignored, which
may cause problems whereby calls that significantly help in
the understanding are mistakenly deleted.

The details of embodiments for a dividing device, a divid-
ing method, and a dividing program related to this technology
are described below while referencing the attached drawings.
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With regards to the present technology, the dividing device,
the dividing method, and the dividing program handles sets of
entities, which are structural elements of software, and so by
dividing these into subsets that enable easy understanding of
the software, the structure of the software is clearly defined.
This enables an instinctive and easy understanding, and also
enables software to be managed in appropriate units. The
present technology uses software analysis and reverse engi-
neering technologies.

One aspect of the present technology improves the level of
precision for the division of software.

First Embodiment

FIG. 1 is an example explanatory diagram illustrating soft-
ware that has been graphed. The blocks in FIG. 1 represent
entities, which are structural elements of software. Also,
arrows between entities represent dependent relationships.
The beginning of arrows represents an originating entity of
the relationship, and the end of arrows (head of the arrow)
represents a receiving entity of the relationship. For example,
when the dependent relationship represents a call relation-
ship, the originating entity of the relationship is calling the
receiving entity of the relationship.

The dividing device, the dividing method, and the dividing
program according to the First Embodiment have the follow-
ing qualities (1) through (3). (1) Software division is executed
for software that is a set of entities, by giving emphasis to
entities and dependent relationships that form the main pur-
pose of the software processing, and grouping these entities
together. (2) Software division is executed so that entities and
dependent relationships that hinder understanding, such as
those for utilities are disregarded, and are removed from the
divided group when desirable. (3) Software division is
executed, however, so that entities that may be disregarded
initially be included in the relevant group if these entities add
features to the divided group.

In this way, the dividing device, the dividing method, and
the dividing program according to the First Embodiment
allow the division of software, which is a set of entities as
depicted in FIG. 1, into subsets that are easy to understand.
Furthermore, software is expressed with graphs, and when the
appropriate graph is divided into a subgraph, the subgraph or
the set of entities depicted in the subgraph is referred to as a
group or a cluster. Dividing the graph into a cluster is referred
to as clustering.

Example of Dependent Relationships

FIG. 2A, FIG. 2B, and FIG. 2C are example explanatory
diagrams illustrating dependent relationships. Regarding the
inter-entity dependent relationships, the degree to which a
particular dependent relationship is essential for the originat-
ing entity of the relationship to fulfill its role is referred to as
“essentiality.” Essentiality is given to each dependent rela-
tionship, and is used as a weight for the edge regarding the
dependent relationship. Essentiality is expressed in the
present example with the following Expression (1).

1 (65)]
B4 B)= o

Regarding the Expression (1) above, the left-hand side E
(A, B) represents the essentiality of the dependent relation-
ship from entity A to entity B. The right-hand side denomi-
nator d,,,(B) represents the indegree of entity B (B is the
receiving entity of the relationship as expressed by an edge
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number, or the dependent relationship number). According to
the present embodiment, this Expression (1) may be used for
the right-hand side, but another form may also be used, for
example, to determine the relative size of entity B, or a sig-
nificance value previously attributed.

FIG. 2A illustrates an example of essentiality. Regarding
entity Al and A2, entity Al is the receiving entity of the
relationship, and entity A2 is the originating entity of the
relationship. Entity A1 is dependent only with entity A2, and
so from the perspective of entity A2, the dependent relation-
ship with entity A1 has a high value of essentiality. The reason
for this is that in order for entity A2 to fulfill its role, the
possibility that entity A1 has been created is high, and this is
interpreted to mean that entity Al is essential for entity A2.
Specifically, the number of edges in this example is 1 (inde-
gree=1), and so the essentiality representing the degree to
which the dependent relationship with entity A2 is essential
for entity Al is also 1.

FIG. 2B illustrates an example of essentiality when there
are multiple originating entities of the relationship. Entities
D1 through D4 are originating entities of the relationships,
and entity B is the common receiving entity of the relation-
ships with entities D1 though D4. In this case, from the
perspective of entity D1, the essentiality of the dependent
relationship with entity B is low. The reason for this is that in
order for entity D1 to fulfill its role, the possibility that entity
B has been created is low, and it is therefore difficult to say
that entity B is essential to entity D1. This applies to entities
D2 through D4 as well. Specifically, the number of edges
representing entity B as the originating entity of the relation-
ships in this example is 4 (indegree=4), and so the essentiality
representing the degree to which the dependent relationship
with entity B is essential for each of the entities D1 through
D4 is Ya.

FIG. 2C illustrates whether entity B is included in Group D
to which entities D1 through D4 belong in the case in FIG. 2B.
The essentiality of V4 from entity D1 to entity B is low,
however for Group D, which consists of entities D1 through
D4, the is combined to give a total group essentiality of 1 to
entity B, which is a high value. In contrast, the essentiality for
each entity of entities E1 through E3, which form Group E, to
entity B is 0, and therefore the total essentiality from Group E
to entity B is also 0. In this case, it would be preferable to
include entity B in Group D as opposed to Group E, and this
would meet the requirement of quality (3) described above.

Example Hardware Configuration of Dividing Device

FIG. 3 is a block diagram of an example hardware configu-
ration for a dividing device as related to the First Embodi-
ment. Regarding FIG. 3, the dividing device includes a CPU
(Central Processing Unit) 301, a ROM (Read Only Memory)
302, aRAM (Random Access Memory) 303, a magnetic disk
drive 304, a magnetic disk 305, an optical disc drive 306, an
optical disc 307, a display 308, an I/F (Interface) 309, a
keyboard 310, a mouse 311, a scanner 312, and a printer 313.
Also, each component unit is connected via a bus 300.

Here, the CPU 301 controls the dividing device entirely.
The ROM 302 stores a boot program and other similar pro-
grams. The RAM 303 is used as a workspace for the CPU 301.
The magnetic disk drive 304 controls reading and writing of
data from/to the magnetic disk 305, following CPU 301 con-
trol. The magnetic disk 305 stores the data written to it via
magnetic disk drive 304 control.

The optical disc drive 306 controls the reading and writing
of data to/from the optical disc 307, following CPU 301
control. The optical disc 307 stores the data written to it via
optical disc drive 306 control, and data stored in the optical
disc 307 is read by a computer.
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The display 308 displays a cursor, icons, and tool boxes, as
well as text, images, function information, and other such
data. This display 308 may consist of an LCD display or a
plasma display, for example.

The interface (hereafter, I/F) 309 is connected to a network
314 such as a LAN (Local Area Network), a WAN (Wide Area
Network), the Internet, or some other network through a
communication line, and so is also connected to other devices
through this network 314. Also, the I/F 309 controls the
interface between the network 314 and internal components,
and also controls the input and output of data from external
devices. The I/F 309 may, for example, consist of a modem, a
LAN adapter, or the like.

The keyboard 310 includes keys for the input of letters,
numbers, and other various instructions, and so performs data
input. Also, this may be a touch panel input pad or numerical
keypad. The mouse 311 performs cursor movement and sec-
tion selection, and also performs window movement, changes
in window size, and other similar functions. A trackball,
joystick, or similar may also be used as the pointing device, if
it has the same type of functionality as the mouse.

The scanner 312 optically reads images, and handles image
data in the dividing device. Furthermore, the scanner 312 may
also have an OCR (Optical Character Reader) function. Also,
the printer 313 prints image data and text data. The printer 313
may consist, for example, of a laser printer or ink-jet printer.
Furthermore, at least one of any of the optical disc drive 306,
the optical disc 307, the display 308, the keyboard 310, the
mouse 311, the scanner 312, and the printer 313 may be
omitted.

Example Functional Configuration of Dividing Device

FIG. 4 is a block diagram illustrating an example func-
tional configuration of the dividing device according to the
First Embodiment. A dividing device 400 includes a relation-
ship extraction unit 401, an essentiality calculation unit 402,
and a dividing unit 403. More specifically, the relationship
extraction unit 401, the essentiality calculation unit 402, and
the dividing unit 403 are functions that exist as programs
stored on a storage medium such as the ROM 302, the RAM
303, the magnetic disk 305, the optical disc 307, or similar as
depicted in FIG. 3, which are executed by the CPU 301 or
through the I/F 309.

The relationship extraction unit 401 extracts the inter-en-
tity dependent relationships in the software. Specifically, the
relationship extraction unit 401 reads the software source
code from a source code database 450, and analyzes the
source code by currently existing syntax analysis technolo-
gies or static analysis technologies. The source code database
450 stores the software source code. The source code data-
base 450 includes a storage device.

FIG. 5 is an explanatory diagram illustrating an example
graph expression of software. For the sake of clarity, the
number of entries in the software depicted in FIG. 5 is 16.
Each entity may represent, for example, a JAVA (registered
trademark) language class, and the entity number corre-
sponds with the class number in FIG. 6. For example, Entity
# (# is some number) corresponds to class C#.

FIG. 6 A and FIG. 6B are explanatory diagrams illustrating
example source code of the software depicted in FIG. 5. FIG.
6A and FIG. 6B give descriptions using JAVA language
source code as the example. FIG. 6A illustrates that class C2
is source code that calls class C5, C9, C14, and C1.

Returning to FIG. 4, the relationship extraction unit 401
extracts entities from the analyzed source code. For example,
the relationship extraction unit 401 extracts class C2 as the
originating entity of the relationship from the source code
depicted in FIG. 6A. Also, the relationship extraction unit 401
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extracts class C5, C9, C14, and C1, which are the call desti-
nations from class C2, as the receiving entities of the rela-
tionship of class C2, from the source code 601 depicted in
FIG. 6A. In this way, the dependent relationships of the origi-
nating entity of the relationship are extracted. Similarly, the
relationship extraction unit 401 extracts class C5 as the origi-
nating entity of the relationship from source code 602
depicted in FIG. 6B, and extracts class C1 as the receiving
entity of the relationship.

The relationship extraction unit 401 groups the extracted
originating entity of the relationship and the receiving entities
of the relationship, and stores this as a relationship graph
information 410 record. Using FIG. 6A for example, the
relationship extraction unit 401 stores {2, 5}, {2, 9}, {2, 14},
and {2, 1} in the relationship graph information 410. The
format {a, b} represents the grouping whereby “a” is the
number of the originating entity of the relationship, and “b” is
the number of the receiving entity of the relationship. In this
way, the relationship graph information 410 is generated.

FIG. 7 is an example explanatory diagram illustrating the
relationship graph information 410 related to the software
depicted in FIG. 5. The relationship graph information 410 is
a table that lists the relationship between the originating
entity of the relationship and the receiving entity of the rela-
tionship. The relationship graph information 401 is stored in
a storage device.

The essentiality calculation unit 402 calculates the essen-
tiality from the originating entity of the relationship to the
receiving entity of the relationship. Specifically, the essenti-
ality calculating unit 402 may calculate, for example, by
using the Expression (1) described above.

FIG. 81is an example explanatory diagram of an essentiality
information 420. In FIG. 8, the relationship graph informa-
tion 410 from FIG. 7 is also displayed to illustrate the corre-
sponding relationship with the relationship graph informa-
tion 410. Regarding the essentiality information 420, as an
example, essentiality is expressed as an inverse number to the
indegree number of the receiving entity of the relationship. In
the first row of the example, the originating entity of the
relationship of the relationship graph information 410 is C2,
and the receiving entity of the relationship is C1. The number
of'edges, or the indegree number of the receiving entity of the
relationship C1, is 15, which in this case means an essentiality
of 1s. Furthermore, a pointer is used in FIG. 8 in each row of
the relationship graph information 410 indicate the relation-
ship, which allows the essentiality information 420 to be
saved as a different table from the relationship graph infor-
mation 410.

The dividing unit 403 clusters the software using the essen-
tiality. The dividing unit 403 executes clustering that divides
the software graph into subgraphs using the essentiality, and
outputs the result of the software division as an analysis result
430. Also, the dividing unit 403 performs the clustering such
that the total essentiality of edges in the cluster is larger than
the expected value (or the total essentiality of edges not
included in the subgraph is smaller), which is done to ensure
that the qualities (1) through (3) described above are satisfied.
If the qualities (1) through (3) are satisfied, entities that give
features to the cluster (i.e. the total essentiality for this cluster
is high) are included in the cluster.

The clustering algorithm used by the dividing unit 403 to
satisfy the qualities (1) through (3) is an extended form of the
technology described below.

(Reference literature) M. E. J. Newman (2004). “Fast algo-
rithm for detecting community structure in networks”. Physi-
cal Review E 69 (6): 066133.
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The reference literature above is literature that proposes an
algorithm that is called “Newman’s clustering algorithm” or
the “modularity maximization algorithm.” This algorithm
uses a modularity assessment function (also known as modu-
larity) as a criterion that illustrates the quality of the graph
clustering, and searches for the clustering (division into clus-
ters) that has the largest modularity assessment function value
by way of a greedy algorithm.

However, since the algorithm described above is applicable
to graphs whose modularity assessment function has “no
weight” or are “non-directed”, the algorithm may not be used
in the present embodiment without modification. According
to the present embodiment, an extended modularity assess-
ment function Q- has been developed to allow the use of
graphs that “have weight” and are “directed”, and is defined in
Expression (2) below.

1
QDW:_E
m

iJ

@

OUT g IN
KU

Ay = }6(0;,01-)

Regarding the Expression (2) above, A,; is an element of an
adjacency matrix A of the graph. The index i represents the
vertex number of the originating entity of the relationship,
and the index j represents the vertex number of the receiving
entity of the relationship. The value of the element of the
adjacency matrix A is weighting of edges, and is non-nega-
tive. When the value is greater than zero, this means there are
edges, and when the value is zero, this means there are no
edges. As this is a directed graph, the adjacency matrix A is an
asymmetrical matrix.

Also, k,°%7 is the total weight of the edge in which the
vertex 1 becomes the originating entity of the relationship.
This is specifically expressed in the following Expression (3).

3

Also, k;is the total weight of the edge in which the vertex
j becomes the receiving entity of the relationship. This is
specifically expressed in the following Expression (4)

¥ UTi:Einj

k=T, @

Also, m is the total weight of the edge (element A,)), and is
the sum of the element A,; of the adjacency matrix A. This is
specifically expressed in the following Expression (5).

m=254, (5)

Also, ¢, represents the cluster to which vertex i belongs. All
vertices belong to some cluster.

d(c;, ¢;) is the Kronecker delta function. This means that if
cluster C, and cluster c; are the same, then d(c,, c;)=1, other-
wise 8(c;, ¢;)=0.

The range of the modularity assessment function Q- is
[-1, 1], and a larger number means a good clustering, and a
smaller number means a bad clustering. However, actual
maximum values and minimum values are dependent on the
graph, and actual maximum values rarely approach the value
of one.

Expression (2) described above is described here. Kro-
necker’s delta function d(c,, c,) serves to only consider edges
in the cluster and to ignore edges outside the cluster. Kro-
necker’s delta function d(c,, ¢;) is the expression used for
edges in each cluster. In other words, when cluster ¢, and
cluster c; are different, 8(c;, ¢;)=0, and so a zero is contributed
to the modularity assessment function Q-

The adjacency matrix A, is the weight of the edge between
vertex i and vertex j. The expected value of the weighted ratio
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10
for the edge leaving from vertex i is represented as k,“““/m,
and the expected value of the weighted ratio for the edge
entering vertex j is represented as kj’N/m, and so the expected
value for the weight of the edge from the Entity i to the Entity
j 1s expressed in the following Expression (6).

m kiOUT/m)_(ijN/m):kiOUT_ijN/m

Q)

The right-hand side of Expression (6) described above is a
part of Expression (2). That is to say, the modularity assess-
ment function Q- of Expression (2) is the total essentiality
of'edges belonging to each cluster and the difference between
this and the expected value, in which the total for each cluster
is normalized so that the values fit in the range of [1, -1].

To express this in more intuitive terms, the modularity
assessment function Q- becomes larger when the sum of
essentiality of edges in the cluster is larger than the expected
value. Put another way, it becomes larger when the essential-
ity of edges in the cluster have a high density, or it becomes
larger when the total essentiality of edges outside the cluster
is small.

FIG. 9 is an explanatory diagram illustrating an example
division of a directed graph. Here, a directed graph with 6
vertices is used in FIG. 9 to simplify the discussion. Further-
more, the weight of all edges is set to “1” to facilitate discus-
sion. Division example (1) depicts the case when no graph
division has occurred, and so Qp;=0. Also, in division
example (2), optimal division has occurred, which results in
Qp»—0.367, and this matches an intuitive division. Though
the division is not optimal in division example (3), it is close
to optimal, and so the resulting Q,,;=0.122 is a slight degra-
dation from the optimal value.

Division example (4) and division example (5) are
examples where irrational division has been performed, and
the result in these cases are Q,,, values that are negative, and
the bad values match intuition. Division example (6) depicts
a complete division, which results with a value of Q.-
0.163, and the poor result of this excessive division is repre-
sented by this value. It may be observed from division
examples (1) through (6) that the modularity assessment
function Q,y-1s in alignment with intuition.

FIG. 10 is an explanatory diagram illustrating the adja-
cency matrix A using the relationship graph information 410
depicted in FIG. 7 and the essentiality information 420
depicted in FIG. 8. Blement A;; of the adjacency matrix A
represents the essentiality from vertex i, which is the origi-
nating entity of the relationship, to vertex j, which is the
receiving entity of the relationship.

FIG. 11 is an explanatory diagram illustrating a parameter
table associated with ki"j and k°*, for each entity using the
relationship graph information 410 depicted in FIG. 7 and the
essentiality information 420 depicted in FIG. 8. A parameter
table 1100 is a table generated during the calculation of the
modularity assessment function Q- Furthermore, m=10 in
this example.

The process of clustering using essentiality is described
here. First, a description of the definition of symbols and
notation regarding the clustering process using essentiality is
provided. The set of all graph vertices is referred to as “V.”
Vertices represent entities. Vertices are represented with at
least one integer sequence number, and the vertex number is
referred to as “n”. For example, V={1, 2, . . ., n}. Division
with a V is referred to as “D”. “D” is a set consisting of
elements, which is a group of subsets S, that have a common
V to which are not empty sets, and this is represented as
“D={S,,S,,S;, ..., S5 }” The “IDI” represents the number
of elements for a division D.
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Here, setV is expressed with the following Expression (7).

SUSU. .. USp =V o)

When vertex i is an element of S, cluster ¢, of vertex i
equals x. In other words, establishing a division D determines
the value of the modularity assessment function Q- In this
case, this is represented as Qp (D). Also, the combining of
two different elements, expressed by S, and S, within a divi-
sion D is defined by the following Expression (8) to produce
the result of D [i, j].

Dfifi=(D-{S}-{S;Hu{sUs;} ®)
Here, in Expression (8), A-B represents the difference set
after removing the elements of set B from set A. When a
division D also has a state k, this is expressed with
D®={s®  §® .., S® ju ) Regarding D={S,, S,, S,,
S,} for example, when combining subsets S; and S,, the
post-combined division D [1, j] is expressed as D [i, j]=D [1,
21={S,US,, S;, S.,}. S, US, is a union of subsets S, and S,.

FIG. 12 is an explanatory diagram illustrating the process
of clustering that uses the essentiality information when using
the relationship graph information 410 depicted in FIG. 7 and
the essentiality information 420 depicted in FIG. 8. Further-
more, the modularity assessment function Q- for a division
D at a state k is expressed as Q,,, (D®).

(A)inFIG. 12 illustrates the initial state (k=0) for a division
D®. The initial state is when one vertex becomes one cluster.
The modularity assessment function Q,,,,{D®) in this case is
Qpi{D@)=-0.045. From this state, two subsets are exhaus-
tively combined, and the combination with the highest post-
combination Q- is taken to produce the next state (k=1). In
this case, the combination of subsets {6} and {14} is the
combination with the highest Q ;- value.

(B) in FIG. 12 illustrates the next state (k=1) of (A) for a
division D). The modularity assessment function Q,,,,{D™)
in this case is Q,,,{D"”)=0.075. From this state, two subsets
are exhaustively combined, and the combination with the
highest post-combination Q- is taken to produce the next
state (k=2). In this case, the combination of subsets {6, 14}
and {11} is the combination with the highest Q ;. value.

(C) in FIG. 12 illustrates the next state (k=2) of (B) for a
division D®. The modularity assessment function Q,,,,{D®)
in this case is Q,,{D®)=0.138. From this state, two subsets
are exhaustively combined, and the combination with the
highest post-combination Q- is taken to produce the next
state (k=3). This process continues repeatedly.

(D) in FIG. 12 illustrates the state where this process has
been repeated 13 times from the initial state, in which k=13
for a division D"®. Q,,,{D"*)=0.481. From this state, two
subsets are exhaustively combined. For the state where k=13,
there is a combination of subsets {2, 5,6, 11, 14} and {1, 7, 9,
10, 15, 16}, a combination of subsets {2, 5,6, 11, 14} and {3,
4,8,12,13}, and a combination of subsets {1,7,9,10, 15,16}
and {3, 4, 8, 12, 13}. Any of these combinations lowers the
value of Q,,,{D"*)=0.481, and so clustering stops here at the
division D). As a result, the software has been divided into
the 3 subsets {2, 5, 6,11, 14}, {1, 7,9, 10, 15, 16}, and {3, 4,
8,12, 13}.

FIG. 13 is an example explanatory diagram illustrating the
analysis result 430 based on the clustering in FIG. 12. The
software has been divided into 3 subsets in FIG. 12, and so
subset {2, 5, 6,11, 14} is given a cluster number: 1, subset {1,
7,9, 10, 15, 16} is given a cluster number: 2, and subset {3, 4,
8, 12, 13} is given a cluster number: 3. As a result, it may be
seen that in the first row vertex 1 belongs to cluster 2 for
example. Furthermore, in addition to the table data as
depicted in FIG. 11, the analysis result 430 may also include
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tree structure data representing the combinations depicted in
FIG. 10, or may also include the relationship graph informa-
tion 410 and the essentiality information 420.

FIG. 14 is an explanatory diagram illustrating another
example of an analysis result based on the clustering in FIG.
12. The graph in FIG. 14 is a logical structure graph identical
to the graph in FIG. 5, and summarizes the automatic division
based on the analysis result 430 in FIG. 13. In FIG. 14, the
enclosed, thick dashed lines represent where the software is
divided. The arrows are drawn using 3 different types of lines,
thick, straight lines, medium-sized dotted lines, and fine dot-
ted lines, which represent the strength level (strong, medium,
and weak) of the essentiality for the dependent relationship. A
user may gain an understanding of the software structure by
simply glancing at the graph in FIG. 14. Also, it may be
understood that the 3 divisions, which have been obtained, are
rational. According to the First Embodiment, the result is a
software analysis that satisfies the qualities (1) through (3)
described above.

Example Division Processing Sequence

FIG. 15 is a flowchart illustrating an example division
processing sequence for the dividing device 400 according to
the First Embodiment. The dividing device 400 executes the
relationship extraction process via the relationship extraction
unit401 (step S1501), the essentiality calculation unit process
via the essentiality calculation unit 402 (step S1502), and the
clustering process via the dividing unit 403 (step S1503). The
analysis result 430 as depicted in FIG. 14 is obtained as a
result.

FIG. 16 is a flowchart illustrating a detailed example divi-
sion processing sequence for the relationship extraction pro-
cessing (step S1501) depicted in FIG. 15. First, the dividing
device 400 reads the software source code from the source
code database 450 (step S1601). Next, the dividing device
400 analyzes the read source code using text analysis tech-
nologies and static analysis technologies (step S1602). The
dividing device 400 then extracts the entities from the ana-
lyzed source code (step S1603), and at the same time also
extracts the inter-entity dependent relationships (step S1604).

After this, the dividing device 400 stores the originating
entity of the relationship and the receiving entity of the rela-
tionship obtained from the extraction as a record of the rela-
tionship graph information 410 (step S1605), and the rela-
tionship extraction processing (step S1501) terminates here.
As a result, the relationship graph information 410 is gener-
ated.

FIG. 17 is a flowchart illustrating a detailed example divi-
sion processing sequence for an essentiality calculation pro-
cessing (step S1502) shown in FIG. 15. First, the dividing
device 400 reads the relationship graph information 410 (step
S1701), and determines whether there are any unselected
entities (step S1702). When there are unselected receiving
entities of the relationship (Yes in step S1702), the dividing
device 400 selects one of the unselected receiving entities of
the relationship (step S1703).

The dividing device 400 then uses Expression (1) to cal-
culate the essentiality for each edge of the selected entity (step
S1704). The dividing device 400 then stores the essentiality
calculated for each edge to the essentiality information 420
(step S1705), and returns to step S1702. Regarding step
S1702, the dividing device 400 terminates the essentiality
calculation processing (step S1502) when it has determined
that there are no unselected receiving entities of the relation-
ship (No in step S1702). As a result, the essentiality informa-
tion 420 is generated.

FIG. 18 is a flowchart illustrating a detailed example divi-
sion processing sequence for clustering processing (step
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S1503) shown in FIG. 15. First, the dividing device 400 reads
the relationship graph information 410 and the essentiality
information 420 (step S1801), and generates the adjacency
matrix A (step S1802). Also, the dividing device 400 calcu-
lates the value of parameter m for the modularity assessment
function Q- (step S1803), by calculating the weight of the
edge, which is the element Aij of the adjacency matrix A.
Also, the dividing device 400 also calculates parameters
k,°YT and ijN for the modularity assessment function Q-
(step S1804).

After this, the dividing device 400 executes a weighted,
directed modularity maximization processing (step S1805).
At the weighted, directed modularity maximization process-
ing (step S1805), the dividing device 400 continues to com-
bine subsets until the value of the modularity assessment
function Q,,5-1s maximized. Details on the weighted, directed
modularity maximization processing (step S1805) are
described in FIG. 19.

The dividing device 400 then outputs the analysis result
obtained at the weighted, directed modularity maximization
processing (step S1805) as the analysis result 430 (step
S1806). For example, the dividing device 400 may display the
analysis result 430 as depicted in FIG. 14 to the display 308,
print it out to the printer 313, transmit it to another device, or
store it in a storage device within the dividing device 400, and
then the clustering process (step S1503) terminates.

FIG. 19 is a flowchart illustrating a detailed example divi-
sion processing sequence for the weighted, directed modu-
larity maximization processing (step S1805). First, the divid-
ing device 400 sets the initial state to k=0, and sets the
division to division D®=D©={S® 'S©_ " 'S© 1 (step
S1901). Next, the dividing device 400 determines whether
ID®|=1 (step S1902).

When the state is not [ID®|=1 (No in step $1902), the
dividing device 400 obtains a group of i and j that has a
maximum value for the modularity assessment function Q-
corresponding to division D®, and division D®[i, j] is set to
division D**1 here (step S1903). The dividing device 400
then compares the Q ,,{D) with Q ,,D%) (step S1904).
Then, if Q,,AD%*) is greater than Q,,,,(D™) (Yes in step
S1904), there is room for the value of Q- to still be
increased, and so the dividing device 400 increments k (step
S1905) and returns to step 1902. FIG. 12 illustrates a looping
of steps S1902 through S1905.

When the state in step S1902 is ID®I=1 (Yes in step
S1902), this indicates that no further division is desirable, and
the process proceeds to step S1906. Also, in step S1904, when
Qpi{D* 1Y is not greater than Q ,,,,{D™) (No in step S1904),
this indicates that there is no more room for the value of Q-
to be increased, and the process proceeds to step S1906.

At step S1906, the dividing device 400 performs the divi-
sion processing for the division D®. For example, the divid-
ing device 400 generates the analysis result 430 as depicted in
FIG. 13 and FIG. 14 using the division D®. As a result, the
weighted, directed modularity maximization processing (step
S1805) terminates here.

According to the First Embodiment, software is handled as
sets of entities that form the structural elements of the soft-
ware, and may be divided into subsets that are easily under-
stood, and in doing so improves the level of precision for
division.

Second Embodiment
A Second Embodiment is described next. With the Second

Embodiment, the “essentiality” described in the First
Embodiment is defined as context more applicable to prac-
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tice. More specifically, several functions including “essenti-
ality compensation”, “multi-level analysis”, “virtual path
analysis”, and “context dependent analysis™ are added to the
essential calculating unit 402 of the First Embodiment.

Functional Configuration Example of Essentiality Calcu-
lating Unit 402

FIG. 20 is a block diagram illustrating a detailed functional
configuration example for the essentiality calculating unit
402 according to the Second Embodiment. The essentiality
calculating unit 402 includes a basic analysis unit 2001, a
compensation processing unit 2002, a multi-level analysis
unit 2003, a virtual path analysis unit 2004, and a context
dependent analysis unit 2005. According to the Second
Embodiment, in addition to the relationship graph informa-
tion 410, the relationship extraction unit 401 may also supply
a class/method information 2011, a method level graph infor-
mation 2012, and a context dependent information 2013 to
the essentiality calculating unit 402. According to the Second
Embodiment, it is sufficient to include at least any one of the
compensation processing unit 2002, the multi-level analysis
unit 2003, the virtual path analysis unit 2004, and the context
dependent analysis unit 2005.

The basic analysis unit 2001, the compensation processing
unit 2002, the multi-level analysis unit 2003, the virtual path
analysis unit 2004, and the context dependent analysis unit
2005 are, for example, functions that are implemented as
programs stored in a storage device such as the ROM 302, the
RAM 303, the magnetic disk 305, the optical disc 307
depicted in FIG. 13, or the like, and executed by the CPU 301
or through the I/F 309. The following is a description of FIG.
20.

The basic analysis unit 2001 is the actual function of the
essentiality calculation unit 402 from the First Embodiment.
Therefore, the basic analysis unit 2001 uses the Expression
(1) to calculate the essentiality of each edge. Also, the basic
analysis unit 2001 may also calculate the essentiality of sub-
entities such as methods, in the same way as entities, and this
is described later.

When a certain entity in the entity group has dependent
relationships with multiple receiving entities of the relation-
ship, the compensation processing unit 2002 compensates the
essentiality related to each of the multiple entities for its
entity, based on the total essentiality related to the dependent
relationships between its entity and the multiple entities. Spe-
cifically, when the originating entity of the relationship has
relationships with multiple entities, for example, there is a
potential that any of the entities is essential from its perspec-
tive. Under this kind of presumed situation, it is desirable to
compensate when the total essentiality of the dependent rela-
tionships from the originating entity of the relationship is low.

FIG. 21 is an explanatory diagram illustrating an example
compensation of essentiality. In FIG. 21, entity A is the origi-
nating entity of the relationship, and entities B, C, D, F, and G
are the receiving entities of the relationship for entity A.

Here, E' (A, X) is the essentiality before compensation. X
is a generic term for the receiving entity of the relationship.
For FIG. 21, X=B, C, D, F, and G. E' (A, X) represents the
essentiality of dependent relationships from entity A to entity
X before compensation. Compensation related to entity A is
performed with the following sequence.

(1) The total essentiality of all dependent relationships
from the originating entity of the relationship entity A to the
receiving entities of the relationship is obtained from the
expression T=2 E' (A, X). In the example in FIG. 21, the total
essentiality T is the sum of each essentiality from entity A to
entities B, C, D, F, and G.
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(2) If T isless than 1, the compensated essentiality E (A, X)
is obtained from Expression (9).

E(4,X)=E'(4,X)/T ©)

As the above Expression (9) is applied when T is less than
1, the post-compensation essentiality E (A, X) is higher than
the pre-compensation essentiality E' (A, X). In contrast, if T is
greater than or equal to 1, the pre-compensation essentiality
E' (A, X) is used as the compensated essentiality E (A, X). In
other words, the pre- and post-compensation essentiality has
not changed. This kind of compensation is executed for each
originating entity of the relationship. The post-compensation
essentiality is stored as the essentiality information 420 illus-
trated in FIG. 8, replacing the pre-compensation essentiality.
As a result, the dividing unit 403 may execute the clustering
process using the post-compensation essentiality obtained by
the compensation processing unit 2002.

Next, the multi-level analysis unit 2003 is described. When
the relationship between classes is analyzed, the multi-level
analysis unit 2003 performs analysis by using a relationship
between methods, which is more detailed, and so summarizes
the inter-class relationships at a higher level of abstraction. As
aresult, essentiality with a potential to be analyzed at a higher
level of precision may be obtained.

Here, a graph illustrating classes included in software as
entities is referred to as a class level graph. Also, a graph
illustrating methods included in software as entities is
referred to as a method level graph. Methods belong to
classes. In other words, when entities represent classes, meth-
ods are subentities, which are the structural elements.

FIG. 22 is an example explanatory diagram illustrating a
method level graph and a class level graph. Regarding the
method level graph, class A includes methods A.a and A.b.
Class B includes methods B.c, B.d, and B.e. Class C includes
methods C.f and C.g. The relationship between classes and
methods are stored as class/method information.

FIG. 23 is an example explanatory diagram illustrating a
class/method information 2011. The class/method informa-
tion 2011 is stored in a storage device, and is a table that
contains the classes and the methods, and maps the methods
to the class for which they belong. Also, arrows in the method
level graph represent dependent relationships, which is the
same as the First Embodiment. For example, method A.a is
the originating entity of the relationship for method B.c, and
method B.c is the receiving entity of the relationship for
method A.a. The class/method information 2011 is extracted
by the relationship extraction unit 401. The inter-method
relationships are stored as a method level graph information
2012.

FIG. 24 is an example explanatory diagram illustrating the
method level graph information 2012. The method level
graph information 2012 is stored in a storage device. The
method level graph information 2012 stores the mapping of
the originating entity of the relationship to its receiving enti-
ties of the relationship. Returning to FIG. 22, method B.c of
class B has originating entities of the relationship method A.a
of class A and method C.f of class C. Therefore, the essenti-
ality E (A.a, B.c) from method A.a to method B.c is repre-
sented as E (A.a, B.c)='%, and similarly the essentiality E
(C 1, B.c) from method C.f'to method B.c is represented as E
(C1, Be)=la.

Also, method B.d of class B has only the originating entity
of the relationship method C.f of class C. Therefore, the
essentiality E (C.f, B.d) from method C.f to method B.d is
represented as E (C.f, B.d)=1. Also, method B.e of class B has
originating entities of the relationship method A.b of class A
and method C.g of class C. Therefore, the essentiality E (A.b,
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B.e) from method A.b to method B.e is represented as E (A.b,
B.e)=%, and similarly the essentiality E (C.g, B.e) from
method C.g to method B.e is represented as E (C.g, B.e)="%.
The method level graph information 2012 is extracted by the
relationship extraction unit 401.

The multi-level analysis unit 2003 creates a class level
graph by grouping the methods which belong to the same
class as in the method level graph. In other words, the class
level graph is one level of abstraction higher than the method
level graph. When the level of abstraction is raised, the essen-
tiality at the method level is grouped together at the class
level.

Specifically, the class level essentiality E (A, B) is obtained
with the following Expression (10).

n (10)
E(A, B) = Z L

i xdin(m;)- mx(B)

Regarding Expression (10) above, xd,,(m,) calls a certain
method m;, and is the number of methods that belong to a
different class. i is the number that identifies the method.
mx(B) is included in a certain class B, and is the number of
methods called from a different class. Also, when methods
belonging to a certain class A call methods belonging to class
B, the set of called methods belonging to class B is repre-
sented as M, and thus M_,={m,, m,, ..., m, ..., m }.n
is the number of set elements, and is greater than or equal to
one. When methods belonging to class A do not call methods
belonging to class B, the state is E (A, B)=0.

Inthe example class level graph in FIG. 22, the essentiality
E (A, B) from class A to class B is calculated as described
below. Class B has 3 methods called from class A and class C,
and so mx(B)=3. Method B.c of class B is called from method
A.aofclass A and method C.fof class C, and so xd,,, (B.c)=2.
Similarly, xd,,, (B.d)=1, and xd,,, (B.e)=2. Also, the set M , z; of
called methods belonging to class B are represented as
M, s={B.c,B.e}. Also, the element number n for set M is 2.

Therefore, the values used in the Expression (10) described
above are mx(B)=3, xd,, (B.c)=2, xd,,(B.d)=1,and xd,, (B.e)=
2, and n=2, in which in the example class level graph in FIG.
22, the essentiality E (A, B) from class A to class Bis: E (A,
B)=1/(2x3)+1/(2x3)=V5. Similarly, in the example class level
graph in FIG. 22, the essentiality E (C, B) from class C to class
Bis: E (C, B)=1/(2x3)+1/(1x3)+1/(2x3)=24.

Furthermore, a note regarding the class level graph in FIG.
22, obtaining the essentiality E (A, B), E (C, B) according to
the First Embodiment will produce a result of E (A, B)=E (C,
B)=Y%, which differs from the result of E (A, B)=4, E (C,
B)=24. In other words, the fact that the connection between
class B and class C is stronger than the connection between
class A and class B is not revealed until method level analysis
is performed. The essentiality E (A, B)=Y4, E (C, B)=%5 result
obtained by the multi-level analysis unit 2003 is stored in the
essentiality information 420 depicted in FIG. 8. As a result,
the dividing unit 403 may execute clustering processing using
the essentiality obtained by the multi-level analysis unit 2003.

In this way, the multi-level analysis unit 2003 performs a
more detailed analysis on inter-method relationship informa-
tion when analyzing inter-class relationships, and so summa-
rizes the inter-class relationships, which are one level of
abstraction higher, and so this allows the obtaining of the
essentiality with a potential for analysis with a high level of
precision.

Furthermore, the multi-level analysis unit 2003 may add a
graph, which identifies that the multi-level analysis is com-
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plete, to the relationship graph information 410 record for the
originating entity of the relationship and the receiving entity
of the relationship, which has been multi-level analyzed.
Thus, the virtual path analysis unit 2004 may discern regard-
ing which record multi-level analysis has been performed, by
referencing the relationship graph information 410.

Next, the virtual path analysis unit 2004 is described. The
virtual path analysis unit 2004 regenerates important infor-
mation from the method level graph that is lost during the
summarization by multi-level analysis unit 2003, and it does
so by an expression using a virtual path. Here, for the path
between two entities that is not adjacent, the multiplied value
of all the essentiality for multiple edges in the applicable path
is referred to as a “cumulative essentiality.”

FIG. 25A and FIG. 25B are explanatory diagrams illustrat-
ing examples of virtual path analysis. FIG. 25A is a method
level graph, and FIG. 25B is a class level graph which con-
tains the method level graph in (A) that has been summarized
by the multi-level analysis unit 2003. Each essentiality in the
class level graph E (A, X), E (B, X),E (C, X), E(X, D), E (X,
E), and E (X, F) is obtained by the multi-level analysis unit
2003 described above.

Regarding the class level graph, the cumulative essentiality
from class C to class F is E (C, X)xE (X, F)=V4. Taking this
and looking at the method level graph, it may be seen that
method F.f is normally called from method C.c, and so the
cumulative essentiality from method F.f to method C.cis E
(C.c, X.z)xE (X.z, FH)=1. As the method level analysis pro-
duces a cumulative essentiality of 1, though the class level
result is 14, it may be seen that information has been lost by
changing the level of abstraction to the class level. Here, the
edge from class C to class F is added virtually to compensate
for this lost information. The added edge is referred to as a
virtual path. Also, virtual essentiality is defined as the essen-
tiality derived through the virtual path.

Regarding the method level graph, the virtual essentiality
Ev (A, B) from class A to class B is defined as the average
cumulative essentiality of all combinations from methods
belonging to class A to methods belonging to class B. Spe-
cifically, when the virtual essentiality Ev (A, B) is larger than
the cumulative essentiality from class A to class B of the class
level graph, the edges from class A to class B of the class level
graph are added as the virtual path. Thus, the essentiality after
this addition is the value of Ev (A, B).

As described above, regarding the method level graph,
essentiality E (C.c, X.z)=1, E (X.z, F.f)=1, and so the cumu-
lative essentiality from method C.c to method F.f is repre-
sented as E (C.c, X.z)xE (X.z, F.f)=1x1=1. Therefore, the
virtual essentiality Ev (C, F) is represented as Ev (C, F)=(the
cumulative essentiality from method C.c to method F.f)/1=1/
1=1. As there is only one combination from methods belong-
ing to class C to methods belonging to class F, the denomi-
nator is 1.

The virtual essentiality Ev (C, F) is larger than the cumu-
lative essentiality of 4 from class C to class F, the virtual path
edge from class C to class F is added as depicted in FIG. 25B.
The essentiality of the added edge is represented as Ev (C,
F)=1. The virtual path obtained by the virtual path analysis
unit 2004 is stored in relationship graph information 410. The
virtual essentiality obtained by the virtual path analysis unit
2004 is also stored in the essentiality information 420. With
the examples in FIG. 25A and FIG. 25B, a record is added to
relationship graph information 410, in which the originating
entity of the relationship is class C, and the receiving entity of
the relationship is class F. Also, the essentiality Ev (C, F)=1 is
added to the essentiality information 420 regarding the appli-
cable record. As a result, the dividing unit 403 may execute
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the clustering processing using the essentiality obtained by
the virtual path analysis unit 2004.

This kind of virtual path analysis unit 2004 regenerates the
method level graph information lost during the summariza-
tion by the multi-level analysis unit 2003, by an expression
using a virtual path. This enables an improvement in essen-
tiality with a high level of precision.

Next, the context dependent analysis unit 2005 is
described. There are cases when the value of the essentiality
is not desirable due to certain issues such as a conditional
branching call by a method argument. The context dependent
analysis unit 2005 adds context information from the origi-
nator of the call, and so processing is enabled in which a
desirable essentiality is obtained even when there is a condi-
tional branch.

Here, information that determines the receiver of a condi-
tional branch, such as a method argument or receiver of a call,
is referred to as context. The context dependent information
2013 is the information that represents how dependent rela-
tionships between the originator of the relationship and the
receiver of the relationship are determined depending on the
context. The context dependent information 2013 is included
in the relationship graph information 410. Furthermore, the
method level graph is applied when a method level graph
exists, and the class level graph is applied when no method
level graph exists. In either case, the processing is the same.

FIG. 26 is an example explanatory diagram illustrating
context dependent information 2013. The context dependent
information 2013 is stored in a storage device. The context
dependent information 2013 is stored with the context corre-
lated with the originating method of the relationship and its
receiving method of the relationship.

FIG. 27A and FIG. 27B are explanatory diagrams illustrat-
ing examples of the context dependent analysis, which will be
described by way of example of a method level graph. FIG.
27A is a method level graph, and FIG. 27B is a method level
graph containing the method level graph in FIG. 27A after
context determination. Regarding FIG. 27A and FIG. 27B,
method X.x conditionally branches internally by a supplied
argument, and which method is called is determined. Here,
arguments are simply referred to as methods, and so argument
“D.d”ismethod D.d, “E.e”is method E.e, and “F.f” is method
Ff.

The context dependent analysis unit 2005 takes receivers
with context added as sets of receiver and context, so as to be
newly handled as entities. Vertex division on the graph deter-
mines the context. For example, in the method level graph in
FIG. 27A, the context dependent analysis unit 2005 refer-
ences the context dependent information 2013 in FIG. 26 and
reads out the context “D.d”, “E.e”, and “F.f” of the receiving
method X .x.

The context dependent analysis unit 2005 divides method
X .x into three entities “X.x+context.” This division is not a
division of the source code for method X x, but represents the
conversion of method X x into three entities “X x+context.”
with regard to the entity specifying the method X.x. This
results in the context-determined method level graph depicted
in FIG. 27B.

With determination of context by the context dependent
analysis unit 2005, the existence of a valid virtual path
between class C and class F may be determined according to
the virtual path analysis unit 2004, and so this enables the
addition of the virtual path. The existence of a valid virtual
path between class C and class F is information that is unable
to be determined through a method level graph without con-
text. The entity divided by the context dependent analysis unit
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2005 is reflected in the relationship graph information 410
and the essentiality information 420.

As an example, for the state in FIG. 27A, method A.a is the
originating entity of the relationship, and method X x is the
receiving entity of the relationship, and this is registered in the
relationship graph information 410. Method X .x is the origi-
nating entity of the relationship, and method D.d is the receiv-
ing entity of the relationship, and this is also registered in the
relationship graph information 410.

When the context is determined by the context dependent
analysis unit 2005, method X .x is divided as depicted in FIG.
27B. Therefore, the record with method A .a as the originating
entity of the relationship, and method X.x as the receiving
entity of the relationship is updated with method A.a as the
originating entity of the relationship, and method X.x+“D.d”
as the receiving entity of the relationship. Method X.x+“E.e”
and method X x+“F.f” is also the same scenario.

Also, the record with method X x as the originating entity
of'the relationship, and method D.d as the receiving entity of
the relationship is updated with method X.x+“D.d” as the
originating entity of the relationship, and method D.d as the
receiving entity of the relationship. Method X.x+“E.e” and
method X .x+“F.f” is also the same scenario.

Also, the essentiality is also updated after context determi-
nation. For the example in FIG. 27A, the essentiality of the 3
edges in which method X .x is the originating entity of the
relationship is %3 for each edge. After the determination in
FIG. 27B, method X.x is divided by each context “D.d”,
“E.e”, and “F.f’, and so each essentiality is updated with 1. As
aresult, the dividing unit 403 may execute clustering process-
ing using the essentiality obtained by the context dependent
analysis unit 2005.

Example Division Processing Sequence

Next, the division processing sequence according to the
Second Embodiment will be described. The details on the
relationship extraction processing (step S1501) and the
essentiality calculation processing (step S1502) in the flow-
chart of the example division processing sequence depicted in
FIG. 15 are different from that of the First Embodiment.
Therefore, the relationship extraction processing (step
S1501) and the essentiality calculation processing (step
S1502) are described.

FIG. 28 is a flowchart illustrating an example relationship
extraction processing sequence via the relationship extracting
unit 401 according to the Second Embodiment. First, the
dividing device 400 is the same as that in the First Embodi-
ment, and executes the processing for steps S1601 through
S1605. As a result, the relationship graph information 410 is
generated. Furthermore, when a hierarchical relationship
between classes and methods exists in the source code, the
relationship graph information 410 generates a record of the
classes, and the methods are generated as the method level
graph information 2012.

Also, the dividing device 400 determines whether a hier-
archical relationship between classes and methods exists in
the source code (step S2801). When there is no hierarchical
relationship (No in step S2801), processing proceeds to step
S2803. In contrast, when there is a hierarchical relationship
(Yes in step S2801), the dividing device 400 generates the
class/method information 2011 and method level graph infor-
mation 2012, and adds this to the relationship graph informa-
tion 410 (step S2802), and processing proceeds to step S2803.

Also, regarding step S2803, when the context dependent
information 2013 is input from an external source (Yes in step
S2803), the dividing device 400 adds the context dependent
information 2013 to the relationship graph information 410
(step S2804), and the relationship extraction processing ter-
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minates (step S1501). Also, when the context dependent
information 2013 has not been input from an external source
(No in step S2803), the relationship extraction processing
(step S1501) terminates. In this way, the dividing device 400
may obtain the class/method information 2011, the method
level graph information 2012, and the context dependent
information 2013.

FIG. 29 is a flowchart illustrating an example essentiality
calculation processing sequence via the essentiality calcula-
tion unit 402 as related to the Second Embodiment. First, the
dividing device 400 executes the basic analysis processing via
the basic analysis unit 2001 (step S2901). The details of the
basic analysis processing (step S2901) are the same as the
details depicted in FIG. 17, and so are not described here. The
essentiality information 420 is generated by the basic analysis
processing (step S2901).

After the basic analysis processing (step S2901), the divid-
ing device 400 determines whether the context dependent
information 2013 has been added to the relationship graph
information 410 (step S2902). When it has not been added
(No in step S2902), the dividing device 400 determines
whether the method level graph information 2012 has been
added to the relationship graph information 410 (step S2903).
If it has not been added (No in step S2903), the dividing
device 400 executes the compensation processing via the
compensation processing unit 2002 (step S2904). After the
compensation processing terminates (step S2904), the essen-
tiality calculation processing also terminates. Details on the
compensation processing (step S2904) are described in FIG.
30.

Also, regarding step S2902, when it has been determined
that the context dependent information 2013 has been added
(Yes in step S2902), the dividing device 400 executes the
context dependent analysis processing via the context depen-
dent analysis unit 2005 (step S2905). Details on the context
dependent analysis processing (step S2905) are described in
FIG. 31. After the context dependent analysis processing
(step S2905), processing proceeds to step S2903.

Also, regarding step 2903, if it has been determined that the
method level information 2012 has been added (Yes in step
S2903), the dividing device 400 executes the multi-level
analysis processing via the multi-level analysis unit 2003
(step S2906). Details on the multi-level analysis processing
(step S2906) are described in FIG. 32. After the multi-level
analysis processing (step S2906), processing proceeds to step
S2907.

Also, regarding step S2907, the dividing device 400
executes the virtual path analysis processing via the virtual
path analysis unit 2004 (step S2907). Details on the virtual
path analysis processing (step S2907) are described in FIG.
33. After the virtual path analysis processing (step S2907),
processing proceeds to step S2904.

FIG. 30 is a flowchart illustrating a detailed processing
sequence example for compensation processing (step S2904)
via the compensation processing unit 2002 depicted in FIG.
29. First, regarding the compensation processing (step
S2904), the dividing device 400 determines whether there are
unselected originating entities of the relationship (step
S3001). If there are unselected originating entities of the
relationship (Yes in step S3001), the dividing device 400
selects one of the unselected originating entities of the rela-
tionship (step S3002). Next, the dividing device 400 refer-
ences the relationship graph information 410, and determines
if there are multiple receiving entities of the relationship for
the originating entity of the relationship (hereafter, selected
entity) selected at step S3002 (step S3003). If there are no
multiples (No in step S3003), processing returns to step
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S3001. However, if there are multiples (Yes in step S3003),
the dividing device 400 obtains the essentiality from the
selected entity to each receiving entity of the relationship
from the essentiality information 420 (step S3004).

The dividing device 400 then totals the obtained essential-
ity (step S3005). This total essentiality is represented as T.
The dividing device 400 then determines whether T is less
than 1 (step S3006). If T is not less than one (No in step
S3006), processing returns to step S3001. However, if T is
greater than 1 (Yes in step S3006), the dividing device 400
executes the compensation processing for each essentiality
obtained at step S3005 (step S3007).

Specifically, the dividing device 400 calculates the post-
compensation essentiality for each obtained essentiality
using the Expression (9), for example. Next, the dividing
device 400 updates the calculated essentiality in the essenti-
ality information 420 (step S3008), and processing returns to
step S3001. Also, regarding step S3001, if there are no unse-
lected originating entities of the relationship (No in step
S3001), the compensation processing (step S2904) termi-
nates. When the originating entity of the relationship has
relationships with multiple entities, there is a potential that
any of these entities are essential to the originating entity.
Therefore, when the total essentiality T to the receiver of the
relationship is less than 1, the dividing device 400 assumes
that the essentiality has been estimated too low, and so inten-
tionally increases the essentiality. As a result, the dividing
device 400 may compensate for a relationship that is essen-
tial.

FIG. 31 is a flowchart illustrating a detailed processing
sequence example for context dependent analysis processing
(step S2905) via the context dependent analysis unit 2005
depicted in FIG. 29. First, regarding the context dependent
analysis processing (step S2905), the dividing device 400
reads the context dependent information 2013 (step S3101).
Next, regarding the context dependent analysis processing
(step S2905), the dividing device 400 determines whether
there are unselected receiving entities of the relationship (step
S3102). If there are unselected receiving entities of the rela-
tionship (Yes in step S3102), the dividing device 400 selects
one of the unselected receiving entities of the relationship
(step S3103).

Next, the dividing device 400 references the context depen-
dent information 2013, and determines whether the receiving
entity of the relationship selected in step S3103 has context
(step S3104). If there is no context (No in step S3104), pro-
cessing returns to step S3102. However, if there is context
(Yes in step S3104), the dividing device 400 divides the
selected entity for each context, depicted in FIG. 27B (step
S3105).

The dividing device 400 then updates the relationship
graph information 410 with each divided entity divided at
step S3105 (step S3106). Specifically, as described above, the
record with method A.a as the originating entity of the rela-
tionship and method X .x as the receiving entity of the rela-
tionship is updated with method A.a as the originating entity
of the relationship and method X.x+“D.d” as the receiving
entity of the relationship.

Also, the record with method X x as the originating entity
of' the relationship and method D.d as the receiving entity of
the relationship is updated with method X.x+“D.d” as the
originating entity of the relationship and method D.d as the
receiving entity of the relationship.

Also, the dividing device 400 updates the essentiality for
the record of the relationship graph information 410 that has
been updated in step S3106 (step S3107). Specifically, as
described above in FIG. 27 A, the essentiality of the 3 edges of

25

30

40

45

50

22

method X .x as the originating entity of the relationship is 14
for each edge. After determination as depicted in FIG. 27B,
method X .x is divided for each context “D.d”, “E.e”, and
“F.f°, and so each essentiality is updated to 1.

Processing then returns to step S3102. Regarding step
83102, if there are no unselected receiving entities of the
relationship (No in step S3102), the dividing device 400
terminates the context dependent analysis processing (step
S2905). As a result, the contents of the context determination
may be reflected in the relationship graph information 410
and the essentiality information 420.

As aresult, the dividing device 400 may obtain a desirable
essentiality even when there is conditional branching through
the adding of the context from the originator of a call and
context determination. Context determination also increases
the chance to add the virtual path via the virtual path analysis
unit 2004.

FIG. 32 is a flowchart illustrating a detailed processing
sequence example for multi-level analysis processing (step
S2906) via the multi-level analysis unit 2003 depicted in FIG.
29. First, regarding the multi-level analysis processing (step
S2906), the dividing device 400 reads the method level graph
information 2012 and the class/method information 2011
(step S3201). Next, regarding the multi-level analysis pro-
cessing (step S2906), the dividing device 400 references the
method level graph information 2012, and determines
whether there are any methods which are unselected receiv-
ing entities of the relationship (hereafter, receiving method of
the relationship) (step S3202). If there are receiving methods
of the relationship (Yes in step S3202), the dividing device
400 selects one of the unselected receiving methods of the
relationship (step S3203).

Next, the dividing device 400 identifies the class to which
the selected receiving method of the relationship belongs
from the class/method information 2011, and identifies the
method within the identified class (hereinafter also referred to
as “its class”) from the class/method information 2011 (step
S3204). For example, if the selected receiving method of the
relationship is method B.c, the class to which method B.c
belongs is class B. Therefore, methods B.d and B.e are iden-
tified as belonging to class B.

Also, the dividing device 400 identifies the methods in this
class that are the originating entities of the relationship (here-
after, originating method of'the relationship) from the method
level graph information 2012 (step S3205). For example, the
methods B.c, B.d, and B.e are identified in its class at step
S3204. Therefore, from the method level graph information
2012, the dividing device 400 identifies methods A.a, A.b,
C.f, and C.g as the originating methods of the relationship for
methods B.c, B.d, and B.e.

The dividing device 400 then calculates the essentiality
from the originating method of the relationship for each
method in its class (step S3206). For example, the essentiality
for the receiving methods of the relationship B.c, B.d, and B.e
is calculated using the Expression (1), and are listed as fol-
lows: E (A.a, B.c),E (Ab,B.e), E (C1,B.c),E (C{,B.d),and
E (C.g, B.e).

After this, the dividing device 400 calculates the essential-
ity, at the class level, from the receiving class of the relation-
ship to this class for each class (hereafter, receiving class of
the relationship) to which the receiving methods of the rela-
tionship belongs using the Expression (10) (step S3207). In
the example above, the class level essentiality E (A, B) from
the receiving class of the relationship A to this class B is
calculated, the class-level essentiality E (C, B) from the
receiving class of the relationship C to this class B is calcu-
lated.
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After this, the dividing device 400 updates the essentiality
information 420 (step S3208), and processing returns to step
S3202. In the example above, the essentiality in the record
with class A as the receiving entity of the relationship and
class B as the originating entity of the relationship is updated
with the class level essentiality calculated at step S3207. The
record with class C as the receiving entity of the relationship
and class B as the originating entity of the relationship is
handled in the same way.

Also, regarding step S3202, if there are no unselected
receiving methods of the relationship (No in step S3202), the
multi-level analysis processing (step S2906) terminates. By
executing this multi-level analysis processing (step S2906),
the inter-class relationships, which are one level of abstrac-
tion higher, may be summarized, which enables the obtaining
of an essentiality with a potential to be analyzed at a higher
level of precision.

FIG. 33 is a flowchart illustrating a detailed processing
sequence example for virtual path analysis processing (step
S2907) viathe virtual path analysis unit 2004 depicted in FIG.
29. First, regarding the virtual path analysis processing (step
S2907), the dividing device 400 determines whether there are
unselected entities (step S3301). If there are unselected enti-
ties (Yes in step S3301), the dividing device 400 selects one of
the unselected entities (step S3302). Next, the dividing device
400 determines whether the selected entity has already had
multi-level analysis performed, by referencing for a flag indi-
cating that the multi-level analysis has been performed,
which has been added to the relationship graph information
410 (step S3303).

If the multi-level analysis has not been performed (No in
step S3303), processing returns to step S3301. However, if the
multi-level analysis has been performed (Yes in step S3303),
the dividing device 400 determines whether the selected
entity, which is a class, has any classes as the originating
entity of the relationship or as the receiving entity of the
relationship (step S3304). For example, if class X in FIG. 25
has had multi-level processing performed, the dividing device
400 identifies classes A, B, and C as the originating entities of
the relationship for class X, and classes D, E, and F as the
receiving entities of the relationship for class X.

If there are no classes as the originating entity of the rela-
tionship or the receiving entity of the relationship (No in step
S3304), processing returns to step S3301. However, if there
are classes as the originating entity of the relationship or the
receiving entity of the relationship (Yes in step S3304), the
dividing device 400 identifies the methods in classes as the
originating entity of the relationship, and the methods in
classes as the receiving entity of the relationship (step
S3305).

In the example in FIG. 25, classes A, B, and C are identified
as the originating entities of the relationship for class X, and
classes D, E, and F are identified as the receiving entities of
the relationship for class X. Therefore, method A.a of class A,
method B.b of class B, method C.c of class C, method D.d of
class D, method E.e of class E, and method F.f of class F are
identified.

After this, the dividing device 400 calculates both the
cumulative essentiality at the class level and at the method
level (step S3306). In the example in FIG. 25, the essentiality
for method X.z regarding the method level graph is E (C.c,
X.z)=1, and E (X.z, F.f)=1. Therefore, the cumulative essen-
tiality from method C.c to method F.fis E (C.c, X.z)xE (X.z,
F.f)=1x1=1. However, regarding the class level graph, the
cumulative essentiality from class C to class F is E (C, X)xE
(X, F)=Y4. The dividing device 400 calculates methods X.x
and X.y in the same way.
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Next, the dividing device 400 determines whether the
cumulative essentiality at the method level is larger than the
cumulative essentiality at the class level (step S3307). If it is
not larger (No in step S3307), processing returns to step
S3301. However, if it is larger (Yes in step S3307), it is
understood that information has been lost by changing the
level of abstraction to the class level during multi-level analy-
sis. In the example described above, the cumulative essenti-
ality from method C.c to method F.fis E (C.c, X.Z)xE (X.z,
F.f)=1, and the cumulative essentiality from class C to class F
is E (C, X)xE (X, F)=Y4. Therefore, the cumulative essenti-
ality at the method level is the larger of the two.

Next, if the cumulative essentiality at the method level is
larger than the cumulative essentiality at the class level (Yes
in step S3307), the dividing device 400 sets the virtual path
(step S3308). In the above example, as the information is
compensated by changing the level of abstraction to the class
level, the dividing device 400 virtually sets an edge between
class C and class F as the virtual path. If the cumulative
essentiality at the method level is larger than the cumulative
essentiality at the class level, the dividing device 400 sets the
virtual path for the edges from class A to class D and from
class B to class E. The virtual path is added as a record to the
relationship graph information 410.

Also, the dividing device 400 calculates the virtual essen-
tiality through the virtual path (step S3309). In the above
example, the virtual essentiality is Ev (C, F), and so is calcu-
lated as Ev (C, F)=(cumulative essentiality from method C.c
to method F.f)=1. When the virtual path is set for the edges
from class A to class D and from class B to class E, the
dividing device 400 calculates the virtual essentiality Ev (A,
D) and the virtual essentiality Ev (B, E) in the same way. The
flow then returns to step S3301.

Also, regarding step S3301, if there are no unselected
entities (No in step S3301), the virtual path analysis process-
ing (step S2907) terminates. By executing this virtual path
analysis processing (step S2907), the method level graph
information lost during summarization by the multi-level
analysis unit 2003 may be regenerated with an expression
using a virtual path. Therefore, an improvement in the level of
precision for the essentiality may be achieved.

In this way, according to the Second Embodiment, when
the originating entity of the relationship has relationships
with multiple entities, there is a potential that any of these
entities are essential to its entity, and so the total essentiality
for dependent relationships from the originating entity of the
relationship may be compensated when it is too low. Also, by
the context analysis, a desirable essentiality may be obtained
even for cases of conditional branching. Also, inter-class
relationships at one level of abstraction higher may be sum-
marized, and this enables the obtaining of an essentiality with
a potential for a higher level of precision in analysis.

Also, method level graph information lost during summa-
rization by the multi-level analysis unit 2003 may be regen-
erated with an expression using a virtual path. In this way,
according to the Second Embodiment, the precision for the
essentiality is improved, and so enables an improvement in
the precision of dividing software.

Third Embodiment

Next, a Third Embodiment is described. The Third
Embodiment is an example of a word list that adds features to
the divided software, as an aid to analysis of the set of entities
obtained as a result of the software divided with the First and
Second Embodiments.
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Example Functional Configuration of Dividing Device 400

FIG. 34 is a block diagram illustrating a functional con-
figuration of the dividing device 400 as related to the Third
Embodiment. Regarding FIG. 34, the dividing device 400
according to the Third Embodiment is different from the
dividing device 400 according to the First Embodiment with
the addition of a word extraction unit 3401 and a feature
amount calculation unit 3402. Specifically, the word extrac-
tion unit 3401 and the feature amount calculation unit 3402
are, for example, functions that exist as programs stored on a
recording medium such as the ROM 302, the RAM 303, the
magnetic disk 305, the optical disc 307, or similar as depicted
in FIG. 3, which are executed by the CPU 301 or through the
1/F 309. Furthermore, FIG. 34 describes an example of adding
the word extraction unit 401 and the feature amount calcula-
tion unit 3402 to the dividing device 400 according to the First
Embodiment, but these functions may also be added to the
dividing device 400 according to the Second Embodiment.

The word extraction unit 3401 reads the software source
code from the source code database 450, and analyzes the
source code using currently existing lexical and syntax analy-
sis technologies, and natural language processing technolo-
gies to extract the words. Next, the word extraction unit 3401
records the number of uses of the word in each entity in a word
list. The word list is a table containing three items: the entity,
the word, and the use count. The word list is stored in a storage
device.

From the analysis result 430 obtained by clustering, the
feature amount calculation unit 3402 obtains information on
entities belonging to each cluster. Next, the feature amount
calculation unit 3402 searches entities belonging to each clus-
ter, and using the word list created by the word extraction unit
3401, searches for the use count of a word in each cluster, and
records the result in a cluster word list. The cluster word list
is atable containing 3 items: the cluster, the word, and the use
count. The cluster word list is stored in a storage device.

Also, the feature amount calculation unit 3402 calculates
the feature amount of the word. The feature amount is, for
example, the frequency (use count) or the value of tf (term
frequency)-idf (inverse document frequency). Generally, the
tf-idf'value is an index that identifies the level of features that
aparticular word appearing in text provides. For the example
in the Third Embodiment, one cluster is handled as one docu-
ment. Therefore, the tf—idf value is an index that identifies the
level of features that a word appearing in a cluster in the
software source code provides.

As a specific example of the obtaining method, the tf,; for a
certain word 1 and a certain cluster j is obtained by separating
the number of times word i appears in cluster j from the
number of times all words appear in cluster j. Also, idf; for
word i is obtained by taking the log of'the value for which the
cluster number that includes word i is separated from the
cluster total. The feature amount calculation unit 3402 may
then obtain the tf-idf value for a certain word 1 by multiplying
tf, by idf,.

After this, the feature amount calculation unit 3402
extracts the word with the highest feature amount from each
cluster, creates a high order list, and outputs this as a keyword
list. The criteria determining the high words is configurable
by the user. For example, the criteria may be set to words that
have a feature amount value over a threshold, or a list of the 50
words with the highest feature amount. Also, the keyword list
is table containing 4 items: cluster, order, word, and feature
amount. The keyword list is stored in a storage device. FIG.
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35 is an explanatory diagram illustrating an example of a
keyword list.

Example Division Processing Sequence

FIG. 36 is a flowchart illustrating an example division
processing sequence according to the Third Embodiment.
Regarding FIG. 36, the dividing device 400 executes the
relationship extraction processing (step S1501), the essenti-
ality calculation processing (step S1502), the clustering pro-
cessing (step S1503), the word extraction processing (step
S3604), and the feature amount calculation processing (step
S3605). The relationship extraction processing (step S1501),
the essentiality calculation processing (step S1502), and the
clustering processing (step S1503) are the same as that of the
First and Second Embodiments, and so are removed from the
description here. Also, details on the word extraction process-
ing (step S3604) are described in FIG. 37, and the details on
the feature amount calculation processing (step S3605) are
described in FIG. 38.

FIG. 37 is a flowchart illustrating a detailed processing
sequence example for word extraction processing (step
S3604) via the word extraction unit 3401. First, the dividing
device 400 reads the software source code from the source
code database 450, analyzes the source code using existing
lexical and syntax analysis technologies, and natural lan-
guage processing technologies to output a word (step S3701).
Next, the dividing device 400 counts the usage number of the
word extracted at step S3701 for each entity, and records this
to the word list (step S3702). As a result, the word extraction
processing (step S3604) terminates. By this word extraction
processing (step S3604), the use count of each word for each
entity may be obtained.

FIG. 38 is a flowchart illustrating a detailed processing
sequence example for feature amount calculation processing
(step S3605) via the feature amount calculation unit 3402.
First the dividing device 400 reads the analysis result 430
obtained from the dividing unit 403, and obtains the entities
belonging to each cluster (step S3801). Using cluster 1 as an
example from the examples in FIG. 13 and FIG. 14, classes
C2,C5,C6, C11, and C14, which are the entities belonging to
cluster 1, are obtained.

Next, the dividing device 400 references the word list for
each cluster, extracts the use count for each word at each
entity belonging to the cluster, totals the usage count for each
word for each cluster, and records this to the cluster word list
(step S3802). Next, the dividing device 400 calculates the
feature amount of each word for each cluster (step S3803).
After this, the dividing device 400 extracts the words that
have the highest feature amount, creates a high order list, and
outputs this as the keyword list (step S3804). As a result, the
feature amount calculation processing (step S3605) termi-
nates.

By this feature amount calculation processing (step
S3605), a list of words with the highest usage count in the
cluster is created, and so it may be understood which words
have a high usage frequency in which clusters, and this
enables the user to easily speculate what kind of processing is
executed at clusters from the words with a high usage fre-
quency.

As described above, according to the First through Third
Embodiments, software may be automatically divided into
small scale clusters, based on the dependent relationships in
the software. The mutual dependent relationships, which are
based on essentiality, in clusters are dense, and have a high
degree of modularity, which is said to be sparse between
clusters. Also, dependent relationships in clusters, which are
essential for the software to perform specific functions or
work may be selected.
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Therefore, by referencing clusters, it becomes easy to
understand the functional structure of software. Also, by the
servicing of software, segmentation of parts to be transferred,
and making software compatible with the level of developers’
working knowledge, this may be used to discover differences
in optimal maintenance staff assignment and documentation
of work/functions versus actual work/functions.

Also, methods related to related art, such as initially delet-
ing dependent relationships that have a low priority, or meth-
ods that requests the analyzer to have certain knowledge to
perform the analysis, are able to analyze software with tens of
thousands oflines of code, but are unable to analyze software
such as commercial systems with millions of lines of code.
According to the present embodiment, millions of lines of
code or more may be clustered in a realistic time period of a
few minutes to a few hours.

Also, according to the First through Third Embodiments
described above, the essentiality has been calculated by the
essentiality calculation unit 402 and the basic analysis unit
2001, but instead of calculating the essentiality, a previously
assigned weight may be applied to dependent relationships in
place of the essentiality. For example, a weight categorizing
classes and methods may be used. In this case, the dividing
unit 403 clusters by using the applicable weight in the same
way as when using the essentiality.

Also, according to the Second Embodiment described
above, when the originating entity of the relationship has
relationships with multiple entities, the compensation pro-
cessing unit 2002 automatically compensates the essentiality
as there is a potential than any of the multiple entities are
essential to its entity. Also, according to the Second Embodi-
ment described above, the function of the compensation pro-
cessing unit 2002 has been described using entities, but pro-
cessing by the compensation processing unit 2002 may be
executed in the same way using subentities such as methods.

Also, according to the Second Embodiment described
above, when inter-class relationships are analyzed, the multi-
level analysis unit 2003 performs the analysis using more
detailed inter-method relationship information, and this sum-
marizes the inter-class relationships, which is one level of
abstraction higher. Therefore, an essentiality with a higher
level of precision in analysis may be obtained, and enables an
improvement in the precision of software division.

Also, according to the Second Embodiment, the virtual
path analysis unit 2004 regenerates the method level graph
information lost during the summarization performed by the
multi-level analysis unit 2003, with an expression using a
virtual path. In this way, the missing information is restored
with the virtual path, and this enables an essentiality with a
potential to be analyzed with a higher level of precision to be
obtained, and so enables an improvement in the precision of
software division.

Also, according to the Second Embodiment described
above, the context dependent analysis unit 2005 adds context
from the originator of a call. As a result, when the subentity
with context added is the receiving entity of the relationship,
the essentiality of the receiving entity of the relationship for
each context may be obtained. Also, when the subentity with
added context is the originating entity of the relationship, the
essentiality of the originating entity of the relationship for
each context may be obtained in the same way. Therefore, the
basic analysis unit 2001 may obtain a desirable essentiality
even when there is conditional branching.

Also, the context dependent analysis unit 2005 has been
described using an example applicable to subentities, but this
may also be applied to entities. In this case for example, the
“originating method of the relationship™ from the context
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dependent information 2013 in FIG. 26 becomes the “origi-
nating class of the relationship”, and the “receiving method of
the relationship” becomes the “receiving class of the relation-
ship.”

Also, according to the Third Embodiment, the feature
amount of words appearing in clusters may be obtained, and
this enables support of understanding source code at the clus-
ter unit.

As described above, the dividing device, the dividing
method, and the dividing program enables an improvement in
the level of precision of software division.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A dividing device comprising:

a memory configured to store a program; and

a processor coupled to the memory, the processor config-

ured to execute a process by the program, the process
including:
extracting correlation information from source code of
software, the information correlating relationships
between an originating entity of a relationship and a
receiving entity of the relationship, which are identified
by dependent relationships of a group of entities, which
is the group of elements that structure the software, and

dividing the group of entities into clusters, so as to be
included in a cluster a lot of the dependent relationships
for which a weight related to the dependent relationships
is large, based on the weight related to the dependent
relationships identified by the correlation information
extracted by the extracting,

wherein the dividing includes:

dividing the group of entities into clusters, wherein a total

weight related to the dependent relationships is larger
than the expected value of the weight, based on the
weight related to the dependent relationships identified
by the correlation information extracted by the extract-
ing.

2. The dividing device according to claim 1, the process
further comprising:

extracting words appearing in any of the entities in the

group of entities, and the appearance rate of these words,
from the source code,
calculating a feature amount of the words in any of the
clusters, based on the appearance count of words appear-
ing in the entities belonging to any of the clusters, and

outputting the words appearing in any of the clusters, based
on the feature amount.

3. The dividing device according to claim 2, wherein the
outputting includes outputting of the words where the feature
amount is at or over a threshold, or the words in a predeter-
mined, high order list.

4. A dividing device comprising:

a memory configured to store a program; and

a processor coupled to the memory, the processor config-

ured to execute a process by the program, the process
including:
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extracting correlation information from source code of
software, the information correlating relationships
between an originating entity of a relationship and a
receiving entity of the relationship, which are identified
by dependent relationships of a group of entities, which
is the group of elements that structure the software, and

dividing the group of entities into clusters, so as to be
included in a cluster a lot of the dependent relationships
for which a weight related to the dependent relationships
is large, based on the weight related to the dependent
relationships identified by the correlation information
extracted by the extracting,

wherein the dividing includes:

combining multiple subgraphs selected from a set of sub-
graphs which include each entity,

obtaining a value of an assessment function that calculated
the difference between a total weight related to the
dependent relationships included in each subgraph in the
set of subgraphs, and the expected value of this weight
totaled based on the subgraphs, concerning the set of
subgraphs before and after the combining, and

outputting the set of combined subgraphs as the clusters,
when there are combinations with an assessment func-
tion value larger than before the combination.

5. A dividing device comprising:

a memory configured to store a program; and

a processor coupled to the memory, the processor config-
ured to execute a process by the program, the process
including:

extracting correlation information from source code of
software, the information correlating relationships
between an originating entity of a relationship and a
receiving entity of the relationship, which are identified
by dependent relationships of a group of entities, which
is the group of elements that structure the software,

dividing the group of entities into clusters, so as to be
included in a cluster a lot of the dependent relationships
for which a weight related to the dependent relationships
is large, based on the weight related to the dependent
relationships identified by the correlation information
extracted by the extracting, and

calculating an essentiality related to the dependent rela-
tionships concerning the originating entity of the rela-
tionship, which represents the degree of how essential
the dependent relationships are for the originating entity
of'the relationship to fulfill its role, based on the number
of originating entities of the relationship that have the
dependent relationships with the receiving entity of the
relationship, and on the referencing of the correlation
information, and

wherein the dividing includes dividing of the group of
entities into the clusters, using the essentiality calculated
by the calculating as the weight.

6. The dividing device according to claim 5,

wherein the calculating includes calculating the essential-
ity which decreases the essentiality depending on the
size of the indegree of the entity.

7. The dividing device according to claim 5, the process

further comprising:

compensating the essentiality related to each of the mul-
tiple entities concerning a certain one of the entities,
based on the total essentiality related to the dependent
relationship between a certain one of the entities and
each one of the multiple entities, when an entity in the
group of entities has a dependent relationship with mul-
tiple entities, as the receiver of the relationship, and
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wherein the dividing includes dividing of the group of
entities into the clusters, based on the essentiality which
has received the compensating.
8. The dividing device according to claim 5, the process
5 further comprising:
referencing correlation information related to subentities
correlated with an originating subentity of the relation-
ship and a receiving subentity of the relationship, which
are identified by the dependent relationships concerning
a group of subentities, when any group of entities has
one or more subentities, and
calculating the essentiality related to a certain one of the
entities concerning one of the multiple entities, based on
the number of subentities in the certain one of the enti-
ties, and the number of subentities in a certain one of the
entities that becomes the originator of the relationship
inclusive to any of the multiple entities, when a subentity
in a certain entity in the group of entities is the receiver
of the relationship with a subentity within multiple enti-
ties,
wherein the dividing includes dividing of the group of
entities into the clusters, based on the essentiality which
has received the calculating.
9. The dividing device according to claim 8, the process
further comprising:
obtaining a first cumulative essentiality by accumulating
the essentiality related to a second subentity inclusive to
a second entity concerning a first subentity inclusive to a
first entity, and the essentiality related to a third suben-
tity inclusive to a third entity concerning the second
subentity,
obtaining a second cumulative essentiality by accumulat-
ing the essentiality related to the second entity concern-
ing the first entity, and the essentiality related to the third
entity concerning the second entity, and when the second
cumulative essentiality is smaller than the first cumula-
tive essentiality, generating new correlation information
which configures the first entity as the originator of the
relationship and the third entity as the receiver of the
relationship to the first entity, and
linking the new correlation information with the first
cumulative essentiality,
wherein the dividing includes dividing of the group of
entities into the clusters, based on the first cumulative
essentiality linked with the new corresponding informa-
tion.
10. The dividing device according to claim 5, the process
50 further comprising:
extracting, for each of the multiple entities, context, which
is information in which the originator of the relationship
specifies conditional branching with the receiver of the
relationship, and is correlated with a receiver of the
relationship common to multiple entities, from context
dependent information which correlates an originator of
the relationship, a receiver of the relationship, and the
context,
generating entities with the context, which is the context
added from the common receiver of the relationship, and
generating correlation information with the multiple enti-
ties as the originators of the relationship, and with the
context-added entities, which the context correlating
with the originators of the relationship has been added,
as the receiver of the relationship,
wherein the calculating includes referencing the generated
correlation information and calculates the essentiality
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related to context-added entities, which are receivers of
the relationship concerning the originators of the rela-
tionship, and

the dividing includes dividing of the group of entities into
the clusters, based on the essentiality related to the con-
text-added entity, which isare the receivers of the rela-
tionship concerning the originators of the relationship.

11. The dividing device according to claim 10, wherein

the generating includes generating of correlation informa-
tion with the context-added entities as the originators of
the relationship, and an entity specified by the context in
the context-added entity as the receiver of the relation-
ship,

the calculating includes referencing the correlation infor-
mation obtained by the extracting, and calculating the
essentiality related to the receiver of the relationship
concerning the context-added entity, which is the origi-
nator of the relationship, and

the dividing includes dividing of the group of entities into
the clusters, based on the essentiality related to the
receiver of the relationship concerning the context-
added entity, which is the originator of the relationship.

12. The dividing device according to claim 5, the process

further comprising:

extracting, with regard to a group of subentities that exists
when any of the group of entities includes at least one
subentity, context corresponding to the receiving suben-
tity of the relationship common to multiple subentities
inclusive with different entities, and which is informa-
tion specifying that the originating subentity of the rela-
tionship has conditional branching with the receiver of
the relationship, from the context dependent informa-
tion correlating an originating subentity which is iden-
tified by a dependent relationship, the receiving suben-
tity of the relationship, and the context, for each of the
multiple subentities,

generating context-added subentities, which have the con-
text from the common receiving subentity of the rela-
tionship added, and

generating correlation information related to the subentity,
with each of the subentities in the multiple subentities as
the originators of the relationship, and with the context-
added subentity, which has the context correlated with
this subentity, as the receiving subentity of the relation-
ship,

wherein the calculating includes referencing the correla-
tion information related to the generated subentity and
calculating the essentiality related to the context-added
subentity, which is the receiver of the relationship, con-
cerning the originating subentity of the relationship,

and wherein the dividing includes dividing of the group of
subentities into the clusters, according to the essentiality
related to the context-added subentity, which is the
receiver of the relationship, concerning the originating
subentity of the relationship.

13. The dividing device according to claim 12, wherein

the generating includes generating of correlation informa-
tion related to the subentity with the context-added sub-
entity as the originating subentity of the relationship,
and with the subentity specified by the context in the
context-added subentity as the receiving subentity of the
relationship,

and wherein the calculating includes referencing the cor-
relation information related to the generated subentity
and calculates the essentiality related to the receiving
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subentity of the relationship concerning the context-
added subentity, which is the originator of the relation-
ship,

and wherein the dividing includes dividing of the group of
subentities into the clusters, based on the essentiality
related to the receiving subentity of the relationship
concerning the context-added subentity, which is the
originator of the relationship.

14. A dividing method comprising:

extracting correlation information with a processor, the
correlation information correlating originating entities
of the relationship specified by dependent relationships
concerning a group of entities which is a group of ele-
ments that structure software, with receiving entities,
from the software source code stored in a storage device;
and

dividing the group of entities into multiple clusters with the
processor, so as to be included in a cluster a lot of the
dependent relationships for which a weight related to the
dependent relationships is large, based on the weight
related to the dependent relationships defined by the
extracted correlation information,

wherein the dividing including:

dividing the group of entities into multiple clusters wherein
a total weight related to the dependent relationship is
larger than the expected value for this total weight, based
on the weight related to the dependent relationship
defined by the extracted correlation information.

15. A dividing method comprising:

extracting correlation information with a processor, the
correlation information correlating originating entities
of the relationship specified by dependent relationships
concerning a group of entities which is a group of ele-
ments that structure software, with receiving entities,
from the software source code stored in a storage device;
and

dividing the group of entities into multiple clusters with the
processor, so as to be included in a cluster a lot of the
dependent relationship which a weight related to the
dependent relationships is large, based on the weight
related to the dependent relationships defined by the
extracted correlation information,

wherein the dividing includes:

combining multiple subgraphs selected from a set of sub-
graphs which include each entity,

obtaining a value of an assessment function that calculated
the difference between a total weight related to the
dependent relationships included in each subgraph in the
set of subgraphs, and the expected value of this weight
totaled based on the subgraphs, concerning the set of
subgraphs before and after the combining, and

outputting the set of combined subgraphs as the multiple
clusters, when there are combinations with an assess-
ment function value larger than before the combination.

16. A dividing method comprising:

extracting correlation information with a processor, the
correlation information correlating originating entities
of the relationship specified by dependent relationships
concerning a group of entities which is a group of ele-
ments that structure software, with receiving entities,
from the software source code stored in a storage device;

dividing the group of entities into multiple clusters with the
processor, so as to be included in a cluster a lot of the
dependent relationships for which a weight related to the
dependent relationship is large, based on the weight
related to the dependent relationships defined by the
extracted correlation information;
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calculating an essentiality related to the dependent rela-
tionships concerning the originating entity of the rela-
tionship, which represents the degree of how essential
the dependent relationships are for the originating entity
of'the relationship to fulfill its role, based on the number
of originating entities of the relationship that have the
dependent relationships with the receiving entity of the
relationship, and on the referencing of the correlation
information, and

wherein the dividing includes dividing of the group of
entities into the multiple clusters, using the essentiality
calculated by the calculating as the weight.

17. The dividing method according to claim 16,

wherein the calculating includes calculating of the essen-
tiality in which decreases the essentiality depending on
the size of the indegree of the entity.

18. A non-transitory computer-readable recording medium
storing a program causes an apparatus to execute a process,
the process comprising:

extracting correlation information, from software source
code stored in a storage device, the information corre-
lating relationships between an originating entity of the
relationship, which ads identified by dependent relation-
ships of a group of entities, which is the group of ele-
ments that structure the software; and

dividing the group of entities into multiple clusters, so as to
be included in the cluster a lot of the dependent relation-
ships for which a weight related to the dependent rela-
tionships is large, based on the weight related to the
dependent relationships identified by the extracted cor-
relation information,
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wherein the dividing includes:
dividing the group of entities into multiple clusters wherein

a total weight related to the dependent relationships is
larger than the expected value for this total weight, based
on the weight related to the dependent relationships
defined by the extracted correlation information.

19. A non-transitory computer-readable recording medium
storing a program causes an apparatus to execute a process,
the process comprising:

extracting correlation information, from software source

code stored in a storage device, the information corre-
lating relationships between an originating entity of the
relationship, which are identified by dependent relation-
ships of a group of entities, which is the group of ele-
ments that structures the software;

dividing the group of entities into multiple clusters, so as to

be included in a cluster a lot of the dependent relation-
ships for which a weight related to the dependent rela-
tionships is large, based on the weight related to the
dependent relationships identified by the extracted cor-
relation information; and

calculating an essentiality related to the dependent rela-

tionships concerning the originating entity of the rela-
tionship, which represents the degree of how essential
the dependent relationships are for the originating entity
of the relationship to fulfill its role, based on the number
of originating entities of the relationship that have the
dependent relationships with the receiving entity of the
relationship, and on the referencing of the correlation
information, and

wherein the dividing includes dividing of the group of

entities into the multiple clusters, using the essentiality
calculated by the calculating as the weight.
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